Objectives: To determine by genetic association analysis whether the 4q functional candidate genes IGFBP7, ADAMTS3, and IL8 might encode for susceptibility to osteoarthritis (OA). Methods: Expression of IGFBP7, ADAMTS3, and IL8 in adult OA articular cartilage chondrocytes was demonstrated by reverse transcription-polymerase chain reaction. The genes were screened for common polymorphic DNA variants by direct sequencing of exons, intron-exon boundaries, and the 59 and 39 untranslated regions. The variants were genotyped in the female probands from the 146 families which each contained two or more sisters who had undergone total hip replacement (THR) and in 375 female controls matched for age. Variants showing evidence for association were subsequently genotyped in 244 female-THR patients with OA. Allele frequencies between the probands (or patients) and the controls were compared by x 2 analysis. Results: Fourteen common variants were identified in the three genes. An ADAMTS3 single nucleotide polymorphism was associated in the probands (p = 0.015) and an ADAMTS3 insertion/deletion approached significance (p = 0.059). However, neither variant was associated in the additional 244 patients with hip OA, with p values of 0.12 and 0.19, respectively. Conclusions: The analysis implies that the chromosome 4q female hip OA susceptibility is not coded for by polymorphism within the functional candidates IGFBP7, ADAMTS3, or IL8. E pidemiological studies have demonstrated that primary osteoarthritis (OA) has a major genetic component. 1 2 A genome wide linkage scan conducted by our group disclosed suggestive linkage to six loci in a cohort of sibling pairs with OA ascertained by joint replacement of the hip or the knee. 3 Stratification by sex and the replaced joint showed that most of the loci were particularly relevant to hip OA in women. Finer linkage mapping of our chromosome 4 linkage generated a maximum multipoint LOD score of 3.1 at 4q13.1-q13.2 in 146 families, each with two or women concordant for primary OA ascertained by total hip replacement (THR). 4 Using public databases, we searched the chromosome 4q linkage interval for plausible functional candidate genes. These were selected based upon a reported or suspected role in skeletal joint tissue biology. Three candidates were identified: the IGFBP7, ADAMTS3, and IL8 genes. These genes were scanned for common polymorphic DNA variants, which were then genotyped in the probands from our 146 female-THR families and in a cohort of 375 female controls matched for age, and tested for association with OA.
PATIENTS AND METHODS

Patients for association analysis
Full clinical details of the 146 female-THR families have been published previously. 4 Association was also tested in a second cohort comprising 244 female patients with hip OA. The probands and cases were ascertained through the Nuffield Orthopaedic Centre and had undergone total joint replacement of the hip only (mono-or bilateral) for primary OA. The primary status was supported by clinical, radiological, operative, and histological findings and we excluded any secondary forms of the disease or non-OA cases. The 375 female controls were from the general population. All patients and controls were aged 55 or over and were of UK Caucasian origin. Ethical approval for the study was obtained from the Oxfordshire Clinical Research Ethics Committee and informed consent was obtained from all subjects.
Candidate genes
We were conscious of the fact that the chromosome 4q susceptibility gene could be positioned at some distance from the point of maximum linkage. 5 We therefore searched a broad region of 4q for candidates, between markers D4S2971 (4q12, 53.6 Mb) and D4S3042 (4q21.1, 77.3 Mb). We searched the Ensembl (http://www.ensembl.org/, accessed 28 December 2004) and UCSC (http://genome.ucsc.edu/, accessed 28 December 2004) genome browsers. Three candidates were identified and chosen for further investigation (table 1) .
Reverse transcription-polymerase chain reaction (RT-PCR)
Articular cartilage biopsy specimens were collected from patients who had undergone joint replacement for OA. The nucleic acid was then extracted as described previously. 6 cDNA was synthesised using random hexamers and served as the template for PCR using primers located in separate exons.
DNA variant detection and genotyping
The exons, the intron-exon boundaries, and the 59 and 39 untranslated regions of IGFBP7 (5 exons), ADAMTS3 (22 exons), and IL8 (4 exons) were screened for common DNA variants (rare allele frequency .0.05) by the direct sequencing of 48 female-THR patients. The variants were genotyped by PCR-restriction enzyme analysis. Further details can be obtained from the corresponding author. *Relative to end of preceding exon; Àrelative to start of following exon;`relative to start of exon 3; 1relative to last nucleotide of termination codon; ôrelative to the IL8 gene transcriptional start site; **of a single (A) nucleotide; ÀÀof the allele that is less common in the controls;``linkage disequilibrium (complete LD when r 2 = 1.0).
previously reported this phenomenon in a European population (haplotypes 1 and 12 of that publication). 8 There was no significant difference in the frequency of the IL8 haplotypes between our OA probands and our controls (p = 0.20).
DISCUSSION
Selecting candidate genes for an association analysis is a subjective venture influenced by current, and probably limited, knowledge of the biological basis of trait variability. As a first step toward identifying the chromosome 4q hip OA susceptibility we investigated three genes that map within the linkage interval, that have a role in skeletal biology, and which are expressed in OA articular cartilage chondrocytes: IGFBP7, ADAMTS3, and IL8.
Insulin-like growth factors (IGFs) maintain the steady state metabolism of proteoglycans in articular cartilage, 9 and a number of studies have examined the role of the IGFs and the insulin-like growth factor binding proteins (IGFBPs) in OA. Two interesting recent findings are that IGF-I can reverse the interleukin 1 (IL1) mediated destruction of articular cartilage 10 and that increasing concentrations of IGFBPs 3 and 5 can lead to improvements in the OA joint.
11 IGFBP7 has not been subjected to the same intensive investigation as other IGFBPs. However, its expression in OA articular cartilage prompted us to investigate the IGFBP7 gene. We detected no common coding variants and only one common intronic variant, which was not associated with OA.
The ADAMTS (a disintegrin and metalloproteinase domain with thrombospondin motifs) metalloproteinase family includes proteinases which mediate cartilage aggrecan degradation as well as procollagen peptidases involved in collagen biosynthesis. 12 It has been proposed that ADAMTS3 has a role in the biosynthesis of type II procollagen, the principal collagen of articular cartilage. 13 The ADAMTS3 gene is large, with 22 exons, a transcript length of 5.8 kb and a gene length of 288 kb. We identified seven common ADAMTS3 variants. The significant p value observed in the 146 probands for the intron 12 SNP was not replicated in the additional 244 cases. It seems likely, therefore, that this initial positive result was a false positive. The genotyping of this SNP in additional cohorts will support or refute this conclusion.
Cytokines have a role in regulating the catabolic/anabolic balance of articular cartilage, and an increase in catabolic activity mediated by IL1b or tumour necrosis factor a (TNFa) can induce an OA phenotype in model systems.
14 15 IL8 appears to be a mediator of cartilage catabolic responses. None of the IL8 variant alleles or haplotypes showed any association with OA in our study.
Overall, we did not generate convincing evidence to support our hypothesis that IGFBP7, ADAMTS3, or IL8 encodes for the hip OA susceptibility that we have linkage mapped to chromosome 4q. We cannot, however, exclude these candidates because variants within regulatory elements of the genes that affect gene expression rather than variants that alter amino acid sequence might predispose to OA. 
